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ABSTRACT

Background

Levodopa plus dopamine decarboxylase inhibitor is a common treatment for restless legs syndrome (RLS).

Objectives

To evaluate efficacy and safety of levodopa for RLS compared to placebo and other active agents.

Search methods

We searched CENTRAL (The Cochrane Library 2008, Issue 4), MEDLINE, EMBASE, PsycINFO and CINAHL, from January 1985 to December
2008, reference lists of articles, and contacted pharmaceutical companies.

Selection criteria

We included double-blind randomised controlled trials (RCT) investigating levodopa treatment versus placebo or other treatment for at
least seven days in patients with RLS (age = 18 years). Outcomes included symptom severity, CGI-I, objective as well as self rated sleep
parameters, quality of life, and safety parameters.

Data collection and analysis

Two authors extracted data, assessed risk of bias, and contacted pharmaceutical companies and authors for additional information. We
collected dropouts due to adverse events and patients experiencing adverse events.

Main results

Six placebo controlled and three active controlled RCTs were included (521 participants). Symptom severity (11 point rating scale, 0 points
indicating no symptoms, 10 points indicating maximally severe symptoms) was more reduced with levodopa than placebo in two studies
(mean difference (MD) -1.34,95% confidence interval (Cl) -2.18 to -0.5, P=0.002). Periodic limb movementsin sleep per hour of sleep (PLMS-
Index; PLMSI) improved by -26.28/h compared to placebo (95% Cl -30.53 to -22.02, P <0.00001).The CGI-I changed more with levodopa than
placeboin two studies (MD -1.25,95% Cl -1.89 to-0.62, P =0.0001). In two studies, sleep quality (sleep questionnaire, visual analogue scale)
showed a large effect (standardised mean difference (SMD) 0.92, 95% CI 0.52 to 1.33, P < 0.00001) whereas quality of life (50 mm Visual
Analogue Scales) improved by 3.23 compared to placebo (95% Cl 1.64 to 4.82, P <0.0001). Few patients dropped out of treatment (3 of 218
patients) but more levodopa treated patients experienced adverse events than with placebo (odds ratio 2.61,95% Cl 1.35 t0 5.04, P=0.004).
Two dopamine agonist controlled studies showed smaller effects with levodopa than cabergoline and pramipexole on the IRLS (MD 5.25,
95% Cl 2.10 to 8.40, P =0.001), CGI-I (MD 0.62, 95% CI 0.37 to 0.87, P < 0.00001), and quality of life (MD 5.54, 95% Cl 2.65 to 8.43, P = 0.0002).
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Authors' conclusions

Levodopaiis efficacious for the short-term treatment of RLS. Augmentation, the clinically most relevant adverse event, was not investigated
sufficiently.

PLAIN LANGUAGE SUMMARY

Levodopa for restless legs syndrome

Restless legs syndrome (RLS) is a common neurological disorder characterised by a nocturnal urge to move the legs that is usually
associated with unpleasant sensations in the legs. Symptoms occur predominantly during rest, in the evening, and at night. Sleep
disturbances are usually the reason why patients seek medical advice. The disorder is generally considered to be a chronic condition.
Levodopa is recommended for the treatment of RLS.

We could include nine trials in the meta-analysis which compared levodopa treatment to placebo or to other active treatments in RLS and
varied from one to eight weeks. Patients suffered from moderate to severe RLS and were treated with doses of 100 mg levodopa/25 mg
dopamine decarboxylase up to 400 mg levodopa/100 mg dopamine decarboxylase. The studies were performed in European and Northern
American countries.

Levodopa reduced symptom severity to a larger extent than placebo. Also clinicians rated RLS symptoms as more improved with
levodopa than placebo. Periodic limb movementsin sleep, monitored during polysomnography, were reduced more in levodopa treatment
compared to placebo; however, total sleep time was not changed. Self rated quality of sleep and quality of life were markedly improved.
Only a very low number of patients discontinued treatment due to adverse events but a larger number of patients on levodopa treatment
reported adverse events compared to placebo. Evidence of three active controlled trials comparing levodopa to cabergoline, pergolide,
and pramipexole was in favour of dopamine agonists regarding reduction of RLS severity (IRLS questionnaire), symptom improvement
(CGI), and quality of life. The results of the other five endpoints do not favour any one treatment over another. However, due to a large
range of confidence intervals in these few trials, superiority of one agent cannot be ruled out.

A serious adverse event developing during long-term dopaminergic medication, the so-called augmentation, is characterised by an earlier
onset of symptoms during the day, faster onset of symptoms when at rest, spreading of symptoms to the upper limbs and trunk, and shorter
duration of the treatment effect. Augmentation was not systematically assessed in most of the previous clinical studies. Future trials with
longer treatment duration and with comparison to other treatment options are needed to investigate the occurrence of augmentation and
the efficacy of levodopa treatment in RLS.

Levodopa for the treatment of restless legs syndrome (Review) 2
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SUMMARY OF FINDINGS

Summary of findings for the main comparison. Summary of findings: levodopa versus placebo

Levodopa compared with placebo for restless legs syndrome

Patient or population: patients with restless legs syndrome

Intervention: levodopa for at least seven days

Comparison: levodopa for at least seven days

Outcomes Illustrative comparative risks* (95% Cl) Relative effect  No of Partici- Quality of the Comments
(95% ClI) pants evidence
Assumed risk Corresponding risk (studies) (GRADE)
Placebo Levodopa
1 The mean symp- The mean symptom severi- 48 +++0 Estimated effect based on on-
. tom severity rating  ty rating in the intervention ) moderate ly two studies.
Sev_erlty of symptoms ranged across con-  groups was (2 studies)
(rating from 0 = not trol groups from -1.34 lower (95 CI -2.18 to
present to 10 = severe) 5.2t05.5 -0.50)
2 The mean PLMSI The mean PLMSI in the in- 91 +++0 Blinding of polysomnogra-
Lo ranged across con-  tervention groups was ) moderate phy raters was not reported in
Periodic limb move- trol groups from -26.28 lower (95 Cl-30.53 to (5 studies) most studies.
ments in sleep index 36.9 to 101 -22.02)
(PLMSI)
PLMS per hour of sleep (4
trials) or timein bed (1 tri-
al)
3 The mean TST The mean TST in the inter- 59 ++00 The confidence interval
. ranged across con-  vention groups was ) low shows no to a consider-
Total sleep time trol groups from 5.86 higher (95% CI -18.56 (4 studies) able effect. Blinding of
ST 260 to 397.4 to 30.28) polysomnography raters was
(TST) not reported in most studies.
The treatment difference was
not significant.
4 0 of 1000 0 of 1000 ORO0.73(95%Cl 109 +++0 The confidence interval
0.05t0 11.34) moderate shows no to a considerable
(6 studies) effect.
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Dropouts due to adverse The treatment difference was

events not significant.

5 The mean CGI-| The mean CGI-l in the inter- 60 +++0 Estimated effect based on on-
ranged across con-  vention groups was (2 studies) moderate ly two studies.

Clinical Global Impres- trol groups from -1.25 lower (95% CI -1.89 to

sions - Improvement of 4.4t04.8 -0.62)

condition (CGI-I)

Rating of 1 =very much

improved to 7 = very much

worse

6 The mean SMD in the inter- 60 +++0 Estimated effect based on on-

vention groups was moderate ly two studies.
Self rated quality of 0.92 higher (95 % C1 0.52 to (2 studies)
sleep 1.33) No data for placebo group
can be given due to the stan-

SMD on SF-A scale quality dardized analysis.

of sleep and VAS (0to 10 =

very good night)

7 The mean life sat- The mean life satisfaction 60 +++0 Estimated effect based on on-
isfaction ranged in the intervention groups moderate ly two studies.

Quality of life across control was (2 studies)

VAS on life satisfaction (0
to 50 = high)

groups from 21.6 to
23.8

3.23 higher (95% Cl 1.64 to
4.82)

*The basis for the assumed risk (e.g. the median control group risk across studies) is provided in footnotes. The corresponding risk (and its 95% Cl) is based on the as-

sumed risk in the comparison group and the relative effect of the intervention (and its 95% Cl).

Cl: Confidence interval; RR: Risk Ratio; OR: Odds Ratio; VAS: Visual Analogue Scale

GRADE Working Group grades of evidence

High quality: Further research is very unlikely to change our confidence in the estimate of effect.

Moderate quality: Further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate.
Low quality: Further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate.
Very low quality: We are very uncertain about the estimate.

Summary of findings 2. Summary of findings: levodopa versus other dopamine agonists

Dopamine agonists compared with levodopa for restless legs syndrome
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Patient or population: patients with restless legs syndrome

Settings: outpatient settings in Europe

Intervention: treatment with dopamine agonists cabergoline, pergolide, pramipexole for at least seven days

Comparison: treatment with levodopa for at least seven days

Outcomes Illustrative comparative risks* (95% Cl) Relative effect  No of Partici- Quality of the Comments
(95% CI) pants evidence
Assumed risk Corresponding risk (studies) (GRADE)
Dopamine ago- Levodopa
nists
1 The mean IRLS The mean IRLS change in the 383 +++0 Estimated effect based on only
change ranged levodopa groups was (2 studies) moderate two studies.
IRLS across dopamine 5.25 smaller (95% Cl 2.1 to
agonist groups 8.4).
range: 0 to 40 fr%ml group )
(= severe) -7.2to0-16.06.
2 The mean PLMI The mean change on the PLMI 39 ++00 Methods of the study were not
o was -11.5 in the in the levodopa group was (1 study) low well reported. Estimated effect
Periodic limb move-  ramipexole group.  3.80 smaller (95% Cl -1.48 to based on only one study.
ments per hour of 9.08, P =0.16).
time in bed (PLMI) The treatment difference was not
significant.
3 The mean TSTwas  The mean TST in the lev- 11 +000 Methods of one included study
. 421 in the per- odopa group was -76.00 were not well reported, very low
Total sleep time golide group. smaller (95% Cl -155.82 to (1 study) very low doses of pergolide were imple-
(TsT) 3.82, P =0.06). mented, the confidence interval
of the effect shows no to a con-
siderable effect.
The treatment difference was not
significant.
4 0 per 100 0 per 100 OR0.59(95%CI 504 +++0 The confidence interval of the ef-
0.33t01.04,P= moderate fect shows no to a considerable
Number of drop 0.07) (3 studies) effect.

outs due to adverse
events

The treatment difference was not
significant.
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5 The mean CGl-lwas  The mean change in CGI-l in 344 +++0 Estimated effect based on only
1.76 in cabergoline.  the levodopa group was 0.62 (1 study) moderate one study.

Clinical Global Im- (95% C10.37 t0 0.87), i.e. fur-

pressions - Im- ther apart from a rating of "1

provement of con- =very much improved".

dition (CGI-I)

Rating of 1 =very

much improved to 7

=very much worse

6 The mean change The mean change in satis- 344 ++00 The confidence interval of the ef-
in satisfaction with ~ faction with sleep in the lev- (1 study) low fect shows no to a considerable

Self rated quality of sleep was -3.43 in odopa group was effect. Estimated effect based on

sleep cabergoline. 0.63 smaller (05% CI -0.09 to only one study.

) 1.35,P=0.09).

RLS-6; scale satis- The treatment difference was not

faction with Sleep: 0 Signiﬁcant_

to 10 (= low satisfac-

tion)

7 The mean change The mean change in RLS-QoL 314 +++0 Estimated effect based on only
in quality of life in the levodopa group was (1 study) moderate one study.

Quality of life was -15.92 in 5.54 smaller (95% Cl 2.65 to
cabergoline. 8.43).

RLS-QoL: 0to 60 (=
severe impairment)

*The basis for the assumed risk (e.g. the median control group risk across studies) is provided in footnotes. The corresponding risk (and its 95% Cl) is based on the as-

sumed risk in the comparison group and the relative effect of the intervention (and its 95% ClI).

Cl: Confidence interval; OR: Odds Ratio; RR: Risk Ratio; IRLS: International RLS Severity Rating Scale; RLS-QoL: Restless Legs Syndrome Quality of Life questionnaire

GRADE Working Group grades of evidence
High quality (++++): Further research is very unlikely to change our confidence in the estimate of effect.
Moderate quality (+++0): Further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate.

Low quality (++00): Further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate.
Very low quality (+000): We are very uncertain about the estimate.
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BACKGROUND

Description of the condition

Restless legs syndrome (RLS) is a common neurological disorder
with a high impact on sleep. RLS was first described in detail

by Ekbom 1945. Obligatory diagnosis criteria were established by
the International Restless Legs Syndrome Study Group (IRLSSG,
Walters 1995). These criteria were revised at a consensus
conference held at the National Institute of Health (Allen 2003). The
essential criteria, supportive criteria and associated features of the
disease are summarised in Table 1.

Essential criteria

1. An urge to move the legs, usually accompanied or caused by uncomfortable and unpleasant sensations in the legs (sometimes the
urge to move is present without the uncomfortable sensations and sometimes the arms or other body parts are involved in addition

to the legs).

2. The urge to move or unpleasant sensations begin or worsen during periods of rest or inactivity such as lying or sitting.

3. The urge to move or unpleasant sensations are partially or totally relieved by movement, such as walking or stretching, at least as

long as the activity continues.

4. The urge to move or unpleasant sensations are worse in the evening or night than during the day or only occur in the evening or
night (when symptoms are very severe, the worsening at night may not be noticeable but must have been present previously).

Supportive criteria and associated features of RLS

« Positive family history

» Response to dopaminergic therapy

 Periodic limb movements (during wakefulness or sleep)
« Natural clinical course

« Sleep disturbance

Epidemiological surveys in Western Europe and in the USA indicate
that up to 10% of the population are afflicted with RLS. The
prevalence increases with age and is in females twice as high
as in males (Berger 2004; Berger 2007; Hogl 2003; Phillips 2000;
Rothdach 2000; Ulfberg 2001). Approximately one third of the
persons reporting RLS symptoms (i.e. 2% to 3% of the population)
may be in need of medical treatment (Happe 2008).

Supporting features of the syndrome include periodic leg
movements while awake (PLMW) and during sleep (PLMS), both are
recorded in polysomnography (PSG). In PLMS monitoring a bilateral
surface electromyogram of the anterior tibial muscles is recorded.
Scoring of PLMS is made according to standard criteria (Bonnet
1993; Iber 2007; Zucconi 2006). PLMS occur frequently in several
sleep disorders other than RLS and may also be present in subjects
who do not complain about sleep disturbance. However, PLMS are
seen more frequently in patients with RLS (Allen 2003; Hornyak
2004). Although the presence of PLMS is not specific to RLS, an
elevated PLMS index (> 15 PLMS per hour of sleep; PLMSI; American
Academy of Sleep Medicine 2005) is supportive of the diagnosis of
RLS (Allen 2003). The family history for the disorder is positive in
40% to 60% of cases. RLS is a polygenetic disorder; linkage studies
in families with RLS revealed several loci but have not yet identified
disease-causing sequence variants (Stefansson 2007; Winkelmann
2007). Generally, patients with positive family history experience an
earlier onset of symptoms (before the age of 45 years) than patients
without afflicted relatives. A positive response to levodopa also
supports the diagnosis of RLS, with almost 90% patients showing
a 50% relief of symptoms when treated with this agent (Stiasny-
Kolster 2006).

Sleep disturbances are a commonly associated feature of the
disorder and are usually the reason why patients seek medical
advice (Allen 2003). However, patients with milder forms of RLS may
not report on disturbed sleep, therefore, sleep disturbance is not
considered to be necessary for, or supportive of the diagnosis of RLS
(Allen 2003). In patients who seek treatment, typically, the severity
and frequency of symptoms increase over time. Thus, the disorder
is generally considered to be a chronic condition. Neurological
examinations usually result in unremarkable findings for patients
with idiopathic (primary) RLS. Secondary forms of the disorder,
however, have to be identified, and factors that may exacerbate
or trigger symptoms have to be treated. Beside the established
causes of secondary RLS (e.g. end-stage renal disease, pregnancy,
and iron deficiency), an increasing number of conditions seems to
be associated with the disorder (Allen 2007; Connor 2008; Manconi
2004; Schols 1998; Walters 2007).

Description of the intervention

Treatment focuses on the relief of limb symptoms and on the
sequelae of the disorder such as disturbed sleep and consequent
daytime sleepiness and impaired quality of life (Kushida 2007;
Talati 2009).

Since the 1980s, therapy has focused on levodopa and dopamine
agonists (Stiasny-Kolster 2009; Trenkwalder 2008). Levodopa was
the first dopaminergic substance that was investigated for the
treatment of RLS. The very first report on positive effects of
levodopa (plus benserazide) on RLS was published by Akpinar
1982. Clinical research on treatment was boosted by the definition
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of diagnostic criteria (Walters 1995) and by the development of
severity rating scales.

Since then, several studies have examined the efficacy of
dopaminergic substances in RLS. However, only a few studies
have examined treatment effects longer than 12 weeks and no
study has examined long-term effects (i.e. longer than one year).
Levodopa trials were conducted mainly in the 1990s using a
cross-over design with few included patients; only one large
scale multi-centre trial is available. Clinical experience revealed
the most serious side effect of dopaminergic treatment, the
development of augmentation, which was first described by Allen
1996. Augmentation is characterised by an overall increase in
severity of RLS symptoms that can be seen in an earlier onset of
symptoms during the day, faster onset of symptoms when at rest,
spreading of symptoms to the upper limbs and trunk, and shorter
duration of the treatment effect (Garcia-Borreguero 2007a).

Augmentation as a side effect in RLS treatment was prospectively
and systematically evaluated only in one actively controlled
levodopa trial and a few dopamine agonist trials, currently
not yet published. Previous data on frequency and severity
of augmentation vary widely, clinical experience shows that
augmentation may occur more frequently during levodopa
treatment than during treatment with dopamine agonists (Garcia-
Borreguero 2007b). Therefore, levodopa is only recommended in
RLS patients with intermittent symptoms or as initial treatment
option according to recent treatment guidelines. In case of
continuous treatment, the daily dosage of levodopa should not
exceed 200 mg to 300 mg. Dopamine agonists are considered first-
line treatment of RLS (Oertel 2007; Trenkwalder 2005).

Alternative treatment options in RLS other than dopaminergic
drugs include antiepileptics such as gabapentine, gabapentin
enacarbil and valproic acid, as well as pregabalin and opioids
(Conti2008; Eisensehr 2004; Garcia-Borreguero 2002; Kushida 2009;
Trenkwalder 2008; Walters 1993). However, to date, the number of
studies investigating substances other than dopaminergic drugs is
still limited.

All previous trials investigated the symptomatic therapy of RLS.
No cure of RLS has been proposed except when treating causes of
secondary RLS such as iron deficiency.

Recently, a few meta-analyses and reports have been undertaken
to summarise evidenced based therapies in RLS (Baker 2008; Conti
2007; Hansen 2009; Quilici 2008; Trenkwalder 2008; Zintzaras 2010).

How the intervention might work

The aetiology of the disorder is not sufficiently understood.
It is generally accepted that a dysfunction of the central
nervous dopaminergic system may be responsible (Hening 2004;
Trenkwalder 2004). The involvement of the dopaminergic system
is supported by the effectiveness of dopaminergic drugs for
the disorder, at least in those phenotypes which benefit from
dopaminergic treatment (Trenkwalder 2010). There is no consistent
evidence from neuroimaging studies of how a dopaminergic drug
mightwork in RLS. Newest research indicates a significant decrease
of D2 receptor density in the putamen of RLS patients (Connor
2009). Brain iron storage may be involved in many phenotypes of
RLS. Currently, it seems that supplying iron is both a symptomatic
and in some cases, i.e. in pregnancy and iron deficiency anaemia,

a curative way of treating RLS - although the mechanism of low
brain iron in RLS is not yet known. Other curative treatments for
idiopathic RLS are not known.

Why it is important to do this review

Recently, one review has described efficacy and safety of levodopa
treatment for RLS including evaluation of polysomnography.
However, clinically relevant outcomes such as severity of the
disorder, quality of sleep, and quality of life were not evaluated in
placebo or active controlled studies (Conti 2007).

We undertook the present evaluation to systematically assess
the therapeutic efficacy and safety of levodopa treatment in
RLS. According to a pre-reviewed protocol, we searched several
databases, assessed study quality using a predefined quality
assessment, and evaluated a wide range of clinically relevant
aspects of treatment effects. We aimed to evaluate the therapeutic
efficacy of levodopa treatment for RLS as assessed by self rated
symptom severity scales and PSG parameters such as PLMSI and
total sleep time. Comprehensive analyses included questionnaires
of global improvement, quality of sleep, quality of life, and safety
parameters such as patients dropping out of treatment as well as
experience of adverse events.

OBJECTIVES

To evaluate the efficacy and safety of levodopa in comparison to
placebo and other agents for patients with RLS.

METHODS

Criteria for considering studies for this review
Types of studies

We included double-blind and randomised controlled trials (RCTs)
investigating the treatment of RLS with levodopa versus placebo or
another drug, enclosing parallel group trials as well as cross-over
trials.

Types of participants

Adult patients (18 years or more) had to have a diagnosis of
primary or secondary RLS according to diagnosis criteria of the
IRLSSG (Allen 2003; Walters 1995). Studies conducted before 1995
(i.e. before standardising diagnostic criteria; Walters 1995) had to
present explicitly predefined diagnostic criteria for inclusion in the
meta-analyses.

Types of interventions

The experimental intervention consisted of any dose or regimen
of levodopa with carbidopa or benserazide in any method of
administration (oral, intravenous or transdermal, regular release,
and sustained-release) for a minimum of seven days. In the control
intervention, either placebo or other comparative drugs were used.

Types of outcome measures

Divided into primary and secondary endpoints, we evaluated the
following endpoints:
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Primary outcomes

1. Symptoms of RLS experienced subjectively by the patient and
assessed with validated instruments (self rated questionnaires
assessing severity of symptoms)

2. PLMSIndex (number of PLMS per hour of total sleep time or time
in bed)

3. Total sleep time (min)
4. Number of dropouts due to adverse events (safety parameter)

Secondary outcomes

1. Clinical Global Impressions - Improvement (CGI-I)

2. Self rated quality of sleep (description of the included
questionnaires, see below)

3. Quality of life (description of the included questionnaires, see
below)

Additional outcomes which were expected to be useful for explaining
effects:

1. Number of patients experiencing adverse events (safety
parameter)

2. Number of patients experiencing augmentation
parameter)

(safety

Search methods for identification of studies

We used the following resources for identification of relevant
studies in any language.

Electronic searches

We searched the Cochrane Central Register of Controlled Trials
(CENTRAL, The Cochrane Library 2008, Issue 4), MEDLINE (1985
to 2008), EMBASE (1985 to 2008), PsycINFO (1985 to 2008),
and CINAHL (1985 to 2008). We did not search the Cochrane
Movement Disorders Group's trials register as this database had not
been updated by the Cochrane Movement Disorders Group. The
respective search strategies are displayed in the Appendices.

Searching other resources

We searched online databases for additional unpublished
studies such as the Internet sites www.clinicaltrials.gov and
www.clinicalstudyresults.org. Table 2 lists numbers of studies
retrieved in these searches. We checked recent reviews and the
references of all included studies for further, potentially relevant
publications in any language. We contacted the responsible
pharmaceutical company for published and unpublished trials.

Data collection and analysis
Selection of studies

Two authors (HS and MH, the latter with support of CL, see
acknowledgments) reviewed independently titles and abstracts

of all obtained publications to assess their potential relevance.
Subsequently, we assessed the potentially relevant publications
for inclusion from the full text. Authorship and results were not
blinded. In both steps, we resolved disagreements by discussion.

Data extraction and management

Two authors (HS and MH, the latter with support of CL)
independently extracted data using a predefined form. We resolved
disagreements and errors. Extraction included diagnostic criteria,
study type, numbers of patients, doses given and procedures of
titration, age, gender, ethnicity, country of trial, treatment duration,
occurrence of adverse events and withdrawals due to adverse
events.

All questionnaires used in the included studies are presented in
Table 3.

RLS severity was assessed by a visual analogue scale (VAS, 0-10), a
11-point rating scale, and the IRLS scale (Walters 2003). The IRLS is
a validated severity rating scale with 10 items rated from 0 to 4 and
a total score of 0 to 40. Scores of 1 to 10 represent mild, 11 to 20
moderate, 21 to 30 severe and 31 to 40 points indicate very severe
symptoms (Walters 2003). Total sleep time in minutes and the index
of periodic limb movements (PLM) per hour of total sleep time
(PLMSI) were assessed polysomnographically. One study reported
the PLMindex, i.e. PLMs per hour of time in bed (PLMI). We extracted
observer rated improvement using the Clinical Global Impressions
- Improvement (CGI-I; National Institute of Mental Health 1976).
Self rated sleep quality included the scale “quality of sleep” of the
questionnaire Schlaffragebogen A (SF-A; Goertelmeyer 1985), the
scale “satisfaction with sleep” of the RLS-6 scales (Kohnen 2004)
and VAS. We extracted data on VAS and the disease-specific QoL-
RLS by Kohnen 2002 in order to evaluate quality of life. Safety
parameters included dropout rates due to adverse events and
number of patients experiencing adverse events.

Assessment of risk of bias in included studies

Two authors (HS and MH, the latter with support of CL)
independently performed assessment of methodological quality
using The Cochrane Collaboration's tool for assessing bias
(Reviewer's Handbook, chapter 8). We classified criteria like
randomisation, allocation concealment, blinding, incomplete
outcome data, and selective outcome reporting in each trial
indicating the likelihood of risk of bias (Reviewer's Handbook). We
resolved any resulting disagreements by discussion. The results of
the assessment of risk of bias are displayed in the Characteristics
of included studies section for each trial as well as in Figure 1 and
Figure 2.
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Figure 2. Methodological quality summary: review authors' judgements about each methodological quality item

for each included study.
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Measures of treatment effect
Dichotomous data

We analysed safety parameters such as dropout rates due to
adverse events and patients experiencing adverse events during
treatment using odds ratios with 95% confidence intervals. Odds
ratios above 1 indicate more negative events with levodopa
compared to negative events with placebo or other dopamine
agonists.

Continuous data

We analysed continuous data with the inverse variance method
implementing mean differences and standard errors for the
outcomes severity of RLS, PLMSI, total sleep time, CGlI-I, and quality
of life. All effect estimates include a 95% confidence interval.
Quality of sleep was investigated on two different scales. Therefore,
we used the inverse variance method implementing standardised
mean differences, i.e. Hedges' adjusted g, with standard errors and
a confidence interval of 95%. Effects include values such as 0.2
representing a small effect, 0.5 representing a moderate effect,
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and 0.8 indicating a large effect (Cohen 1988). Negative mean
differences indicate better response in the treatment group for
severity of RLS, PLMSI and CGI-I, positive values indicate better
response in the treatment group for total sleep time, quality of
sleep and quality of life. Active controlled trials were also pooled
using the inverse variance method.

Unit of analysis issues

Eight of the nine included trials were cross-over trials. Four
studies provided sufficient information to perform analyses on
dependent measures. The other four studies had to be analysed
using independent procedures. In three trials, levodopa was
compared to another active drug, that is cabergoline, pergolide,
and pramipexole.

Dealing with missing data

We extracted end of treatment means or mean changes from
baseline and standard deviations or standard errors from the
primary analysis population, which consisted of eight of nine trials
of patients fulfilling the protocol. We contacted the pharmaceutical
companies Hoffmann La-Roche, Pfizer, and Boehringer Ingelheim
for furtherinformation on the supported studies. We also contacted
authors of the studies Brodeur 1988, Eisensehr 2004, Staedt 1997
and Walker 1996 for missing data, but unfortunately, we could not
obtain further information from the contacted authors.

Assessment of heterogeneity

We tested heterogeneity of studies with Chi? tests. Additionally
presented |? statistics give an estimate of the degree of
heterogeneity between studies. Percentages of 0% to 40%
represent low, 30% to 60% moderate, 50% to 90% substantial,
and 75% to 100% indicate considerable heterogeneity (Reviewer's
Handbook, chapter 9).

Assessment of reporting biases

To identify possible publication bias we visually inspected funnel
plots.

Data synthesis

Random-effects models were used to calculate effect sizes as no
common underlying effect could be expected due to the diversity
of study populations and medications. As we could consider the
cross-over design in four placebo controlled studies contributing
data to all endpoints, we used the generic inverse variance input
method for all continuous outcomes. We used the inverse variance
method for continuous outcomes of the active controlled studies.
We analysed dichotomous outcomes in all meta-analyses using
odds ratios with the Mantel-Haenszel method.

Subgroup analysis and investigation of heterogeneity

We performed separate meta-analyses on results of placebo
controlled studies and on results of active controlled studies.

RESULTS

Description of studies
Results of the search

Our searches generated 302 publications by searching the
electronic databases. Of these, we excluded 279 after screening of

titles and abstracts as they were mostly overviews or publications
on other aspects of RLS. Of the remaining 23 publications, eight
studies could be included after inspection of full texts. A search of
online databases yielded one additional trial.

Included studies

Nine randomised, controlled, and double-blind studies were
included in this review comprising a total of 521 patients with five
to 32 patients in six placebo controlled trials (Akpinar 1987; Benes
1999; Brodeur 1988; Eisensehr 2004; Trenkwalder 1995; Walker
1996) and 11 to 361 patients in three active controlled trials (BI
2006; Staedt 1997; Trenkwalder 2007). The trials were actively
controlled with the dopamine agonists cabergoline (Trenkwalder
2007), pergolide (Staedt 1997), and pramipexole (Bl 2006). All trials
except Trenkwalder 2007 were cross-over trials.

Methods, included patients, interventions, and relevant outcomes
of allincluded trials are described in the Characteristics of included
studies.

Setting

Six of the nine trials were performed in single centres. Patients were
recruited from outpatient clinic settings. Studies were conducted
in Germany (Benes 1999; Eisensehr 2004; Staedt 1997; Trenkwalder
1995; Trenkwalder 2007), Canada (Brodeur 1988; Walker 1996),
Switzerland (Bl 2006), and Turkey (Akpinar 1987).

Treatment durations varied between seven days in one study
(Walker 1996), 14 to 16 days in three trials (Akpinar 1987; Brodeur
1988; Staedt 1997) and three to four weeks in four studies (Benes
1999; BI 2006; Eisensehr 2004; Trenkwalder 1995). One actively
controlled study investigated treatment effects after eight and 30
weeks (Trenkwalder 2007). Treatment effects after eight weeks
were included in the meta-analyses in order to be able to compare
these data to other trial results. Mean duration of the included
studies was 23.6 days (SD 14.3).

Patients

All patients had symptoms of RLS which were assessed according to
the criteria defined by the IRLSSG (Allen 2003; Walters 1995) in five
studies (Benes 1999; Bl 2006; Eisensehr 2004; Trenkwalder 1995;
Trenkwalder2007). In four trials, patients were assessed similarly to
these diagnostic criteria (Akpinar 1987; Brodeur 1988; Staedt 1997;
Walker 1996).

In five studies, patients had a diagnosis of primary RLS. Two
studies included patients with primary and secondary RLS (Benes
1999; Trenkwalder 1995). One study only investigated patients with
secondary RLS (Walker 1996). In one trial, no information was given
(Akpinar 1987).

Age was similarly distributed in all trials with a mean of 57.2 years,
ranging from 49.6 years (Akpinar 1987) to 68.2 years (Walker 1996).
Mean percentage of included female patients was 57.1%, ranging
from 35.7% (Trenkwalder 1995) to 80% (Walker 1996).

Interventions

Study drugs were given orally once daily (Akpinar 1987; Benes 1999;
Eisensehr2004; Staedt 1997; Trenkwalder 1995; Trenkwalder 2007),
twice daily (Brodeur 1988) and in controlled or dual-release form
(Walker 1996; Bl 2006).
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Levodopa was given together with the dopamine decarboxylase
inhibitor (DDC) benserazide in seven trials (Akpinar 1987; Benes
1999; Bl 2006; Brodeur 1988; Eisensehr 2004; Trenkwalder 1995;
Trenkwalder 2007) and with carbidopa in two studies (Staedt 1997;
Walker 1996). A fixed dose of 100 mg levodopa/25 mg carbidopa
was given in one trial (Walker 1996) and 200 mg levodopa/50 mg
benserazide in three trials (Akpinar 1987; Brodeur 1988; Eisensehr
2004). In five studies flexible uptitration from 100 mg levodopa/25
mg benserazide or carbidopa to either 200 mg/50 mg (Benes 1999;
Trenkwalder 1995), 300 mg/75 mg (Bl 2006; Trenkwalder 2007),
or 400 mg/100 mg (Staedt 1997) was used. In four of eight cross-
over studies, medication washout periods between the first and
the second treatment were not reported or not used (Akpinar 1987;
Benes 1999; Eisensehr 2004; Trenkwalder 1995).

In the active controlled trials cabergoline was uptitrated to a fixed
dose of 2.0 mg which could be increased to 3.0 mg (Trenkwalder
2007). Pergolide was flexibly uptitrated from 0.125 mg to 0.25 mg
(Staedt 1997) and pramipexole was flexibly uptitrated from 0.25 mg
t0 0.75 mg (Bl 2006).

Outcomes

Self rated assessments included symptoms of severity and
symptom improvement as well as self rated quality of sleep and
quality of life. Quality of sleep was additionally investigated using
polysomnography. Lastly, studies included safety assessment.

Excluded studies

Fifteen publications were excluded while we screened the full
texts. In two trials, only a part of the investigated population
had a diagnosis of RLS. Three trials had study durations of less
than seven days. Open label designs and inadequate control
group designs were used in five trials. Duplicate information from
conference proceedings published later was found five times. See
Characteristics of excluded studies for details.

Risk of bias in included studies
Allocation

Randomisation procedure remained unclearin five studies, the four
other studies reported computer-generated randomisation lists.
Allocation of treatment was reported in five studies with allocation
of identical, numbered packages assigned to patients.

Blinding

Blinding of participants, investigators and data analysts was
sufficiently described in six trials. Blinded polysomnography rating
was reported only in one study, six other studies gave insufficient
information.

Incomplete outcome data

Three studies with premature withdrawals reported dropouts
and reasons for these. All studies except one (Trenkwalder 2007)
investigated polysomnography parameters, data analyses of these
were based on per protocol population.

Selective reporting

Studies investigated a range of endpoints such as symptom
severity, quality of sleep, quality of life and safety parameters. In
one study, not all implemented measures were reported fully in the
trial publication. In another study, no endpoints had been specified
beforehand in the trial publication.

Other potential sources of bias

Two studies were supported by government grants, five studies
were sponsored by pharmaceutical companies, two studies did not
report on funding. Several studies that used levodopa as the active
comparator were sponsored by companies who aimed to licence
the comparative substance i.e. a dopamine agonist (Bl 2006) and
used equivalent dosages of levodopa taken from trials in Parkinson
disease. Equivalent dosages of dopaminergic substances are not
available for RLS patients.

We could not ascertain any other major source of bias.

Effects of interventions

See: Summary of findings for the main comparison Summary
of findings: levodopa versus placebo; Summary of findings 2
Summary of findings: levodopa versus other dopamine agonists

Comparison I: Levodopa versus placebo
1) Change in symptoms on severity scales

Two studies reported severity ratings of RLS symptoms during the
past 24 hours or during the night ranging from 0 to 10 (10 = bad
state). These studies were conducted before the IRLS was validated.
Treatment doses were 146 mg/36.6 mg (Trenkwalder 1995) and 200
mg/50 mg levodopa/DDC (Eisensehr 2004). The mean treatment
difference (MD) of levodopa was -1.34 compared to placebo (95% ClI
-2.18 t0-0.50, P = 0.002; I> = 0%, see Figure 3).

Figure 3. Forest plot of comparison: 1 Levodopa versus placebo, outcome: 1.1 Change on severity scales.
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per time in bed (Benes 1999). Mean doses ranged from 100 mg/25
mg to 200 mg/50 mg levodopa/DDC. Mean difference between
levodopa and placebo was -26.28/h favouring levodopa (95% ClI
-30.53 t0 -22.02, P < 0.00001; I> = 4%, see Figure 4).

Four trials reported results of PLM per hour of total sleep time, one
study which applied an actigraphy method reported data of PLM
Figure 4. Forest plot of comparison: 1 Levodopa versus placebo, outcome: 1.2 Periodic limb movements in sleep.
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3) Change in total sleep time and 159 mg/40 mg levodopa/DDC showed no difference between

. - . . .. R A is 1.4).
Patients receiving levodopa did not differ statistically significantly levodopa and placebo treatment (see Analysis 1.4)

from patients receiving placebo with regard to total sleep time in

5) Improvement on CGI-1
four trials (see Analysis 1.3).

Two trials reported data on CGI improvement. The scale ranges
from 1 = very much better to 7 = very much worse. Levodopa
doses were 146 mg/37 mg and 159 mg/40 mg levodopa/DDC.
Treatment resulted in a -1.25 points lower rating compared to
placebo treatment (95% CI -1.89 to -0.62, P = 0.0001, I* = 0%, see
Figure 5).

4) Number of dropouts due to adverse events

Patients dropped out of active and placebo treatment only in two
of six short term trials. Those two trials with doses of 146 mg/37 mg

Figure 5. Forest plot of comparison: 1 Levodopa versus placebo, outcome: 1.5 CGl-Improvement.
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6) Change in self rated quality of sleep with levodopa compared to placebo treatment (standardised mean
difference (SMD) 0.92, 95% CI 0.52 to 1.33, P < 0.00001, |2 = 0%, see

In two trials with mean treatment doses of 146 mg/37 mg and .
Figure 6).

159 mg/40 mg levodopa/DDC, quality of sleep improved more

Figure 6. Forest plot of comparison: 1 Levodopa versus placebo, outcome: 1.6 Change in self rated quality of sleep.
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7) Change in quality of life 159 mg/40 mg levodopa/DDC (MD 3.23, 95% Cl 1.64 to 4.82, P <
0.0001, I* = 0%, see Figure 7).

Quality of life improved more with levodopa compared to placebo
treatment as shown in two trials with doses of 146 mg/37 mg and

Figure 7. Forest plot of comparison: 1 Levodopa versus placebo, outcome: 1.7 Change in quality of life.
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8) Number of patients experiencing adverse events events. In these trials, a higher number of patients experienced
adverse events when treated with levodopa versus those treated
with placebo (Odds Ratio (OR) 2.61, 95% Cl 1.35 to 5.04, P = 0.004,
12 = 0%, see Figure 8).

In four of five included trials with doses ranging from 100 mg/25
mg to 200 mg/50 mg levodopa/DDC, patients experienced adverse

Figure 8. Forest plot of comparison: 1 Levodopa versus placebo, outcome: 1.8 Number of patients experiencing
adverse events.
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Augmentation was not mentioned in seven trials and not reliably  levodopa up to 300 mg/75 mg levodopa/DDC. Reductions on
and comparably assessed in the remaining two trials. Thereforewe  the IRLS after treatment were smaller during levodopa treatment
could not perform meta-analysis on this outcome. compared to dopamine agonist treatment with a mean difference
of 5.25 (95% CI 2.1 to 8.4, P = 0.001) and moderate heterogeneity
(1* = 55%). Cabergoline showed a quantitatively larger treatment
. . . difference from levodopa than pramipexole (see Figure 9).
Comparison II: Levodopa versus dopamine agonists

1) Change on severity scale IRLS

Changes on the IRLS were evaluated in two trials comparing
cabergoline up to 3.0 mg or pramipexole up to 0.75 mg with

Figure 9. Forest plot of comparison: 2 Levodopa versus other dopamine agonists, outcome: 2.1 Change on IRLS.
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2) Change in periodic limb movements per time in bed (PLMI)

One trial investigated PLMI when treated with pramipexole up to
0.75 mg in comparison to levodopa up to 300 mg/75 mg levodopa/
DDC. Effects on PLMI did not differ statistically significantly between
the substances (MD 3.80/h, 95% Cl -1.48 t0 9.08; P = 0.16).

3) Change in total sleep time

In one study, treatment with levodopa (mean dose of 291 mg
levodopa/DDC) tended to show a smaller increase of total sleep
time compared to pergolide treatment (up to 0.25 mg; MD -76.00
min, 95% CI -155.82 to 3.82; P = 0.06).

4) Number of dropouts due to adverse events

Numbers of patients dropping out of treatment due to adverse
events were slightly but not significantly lower with levodopa
treatment (dose of levodopa up to 300 mg/75 mg levodopa/DDC)
compared to patients treated with dopamine agonists (dose of
cabergoline up to 3.0 mg or pramipexole up to 0.75 mg; OR 0.59,
95% C10.33t0 1.04,P=0.07; see Figure 10). Whereas the cabergoline
trial with the higher weight in the meta-analysis (weight: 96.9%)
favoured levodopa, the pramipexole trial (weight: 3.1%) was in
favour of pramipexole. The effect size of one trial investigating
pergolide could not be estimated as no patients had dropped out
of the study.

Figure 10. Forest plot of comparison: 2 Levodopa versus other dopamine agonists, outcome: 2.4 Number of

dropouts due to adverse events.
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5) Improvement on CGI-I

One trial reported data on CGl improvement ranging from 1 = very
much better to 7 = very much worse. Treatment with levodopa up
to 300 mg/75 mg levodopa/DDC revealed a smaller improvement
compared to cabergoline treatment up to 3.0 mg (MD 0.62; 95% Cl
0.37 t0 0.87, P < 0.00001).

5) Change in self rated quality of sleep

One trial compared the change in self rated quality of sleep with
cabergoline treatment up to 3.0 mg with levodopa treatment up to
300 mg/75 mg levodopa/DDC. Quality of sleep showed a tendency
for larger improvement with cabergoline compared to levodopa
after treatment but this change was not statistically significant (P =
0.09; see Analysis 2.6).

6) Change in disease-specific quality of life

One trial investigated change in disease-specific quality of life in
cabergoline treated patients (up to 3.0 mg) compared to levodopa
(up to 300 mg/75 mg levodopa/DDC). A smaller improvement for

Fawours levodopa  Fawours DAs

treatment with levodopa compared to cabergoline was found (MD
5.54,95% Cl 2.65 to 8.43, P =0.0002).

7) Number of patients experiencing adverse events

Three trials reported numbers of patients experiencing adverse
events. Patients were treated with cabergoline, pergolide or
pramipexole and compared to those treated with levodopa.
Levodopa treated patients did not differ from patients treated with
dopamine agonists regarding the experience of adverse events (OR
0.35,95% C1 0.05 to 2.30, 12 = 63%). The odds ratio was numerically
but non-significantly larger when comparing levodopa treated
patients (up to 300 mg/75 mg levodopa/DDC) to those treated
with pramipexole (up to 0.75 mg; OR 3.08, 95% Cl 0.12 to 77.91),
indicating thatslightly more levodopa treated patients experienced
adverse events than pramipexole treated patients. Cabergoline and
pergolide resulted in odds ratios below 1(up to 3.0 mg; OR 0.49,
95% C1 0.31 to 0.75 and up to 0.25 mg; OR 0.04, 95% CI 0.00 to 0.43
respectively) when comparing these to levodopa (300 mg/75 mg
and 400 mg/100 mg levodopa/DDC). Hence, fewer levodopa treated
patients experienced adverse events in these studies compared to
cabergoline and pergolide (see Figure 11).
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Figure 11. Forest plot of comparison: 2 Levodopa versus other dopamine agonists, outcome: 2.8 Number of patients

experiencing adverse events.
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Experience of augmentation was not reliably and comparably
assessed in the active controlled trials, therefore we could not
perform meta-analysis on this outcome.

DISCUSSION

Summary of main results

Levodopa was superior to placebo treatment regarding
improvement of RLS symptoms (presented as severity ratings and
CGl-1), quality of sleep, and quality of life. The severity rating
presented a decrease above the minimally important difference
(Dworkin 2008). Self rated quality of sleep showed a large effect
(Cohen 1988). However, the results are limited owing to the low
number of studies included (only two per outcome). The PLMSI
showed markedly larger improvement with levodopa treatment
whereas treatment effects of total sleep time did not differ from
placebo treatment. Patients were not more likely to drop out of
levodopa treatment due to adverse events but experienced more
adverse events than placebo treated patients (see Summary of
findings for the main comparison).

Trials comparing levodopa to cabergoline, pergolide, and
pramipexole showed lower effects with levodopa on the IRLS
(cabergoline, pramipexole), the CGI-I (cabergoline), and quality
of life (cabergoline). The mean treatment difference of the
IRLS was above the non-inferiority margin of three points and
close to six points which is regarded a difference of clinical
relevance. A tendency of levodopa showing lower treatment
effects was seen for total sleep time and self rated quality of
sleep. There was a further trend of a lower dropout rate due
to adverse events with levodopa treatment compared to active
comparators. Heterogeneous evidence was present in numbers
of levodopa treated patients with adverse events compared to
those with other dopaminergic treatments. Also PLMI was not
different in pramipexole versus levodopa treated patients. In these
comparisons, it has also to be taken into account that all meta-
analyses but those investigating safety parameters were based on
one to two studies (see Summary of findings 2).

Overall completeness and applicability of evidence

Patients were recruited from outpatient settings with moderate to
severe RLS and represent the usual patient population requiring
treatment. In five studies, diagnosis was made according to valid
diagnostic criteria. The remaining studies were conducted before
diagnostic criteria were published, but their description of RLS
symptoms closely resembled the IRLS criteria.

Favours levodopa  Fawours DAs

Treatment durations varied between studies from one to eight
weeks. Only one actively controlled trial also investigated
treatment effects after 30 weeks. These are short time periods
for the investigation of treatment effects; particularly since RLS
is a chronic disease and medication only suppresses symptoms
but does not cure the disorder. The lack of long-term studies is
especially relevant for augmentation, which is the most important
treatment complication in dopaminergic treatment but was only
reported in one placebo controlled and one active controlled study.
Augmentation usually develops during long-term treatment (Allen
2003; Trenkwalder 2008). Therefore, controlled long-term studies of
at least 12 months duration are needed.

In summary, all relevant aspects of symptom severity and well
being related improvements were assessed in at least some
placebo and active controlled studies. Limiting factors for the
validity of the results are the restricted number of studies, low
numbers of included patients and short duration of trials.

Quality of the evidence

We searched all relevant databases and public trial registers
provided by the pharmaceutical companies and by government.
Doing this, we could obtain published as well as unpublished trials.
Pharmaceutical companies contributed additional data. Therefore,
it seems unlikely that there are additional unpublished trials.

We retrieved six placebo controlled trials and three active
controlled studies. Except for one large scale trial, all studies
comprised very few patients. Two studies were conducted before
the introduction of official diagnosis criteria in 1995. The cross-
over design was implemented in eight trials but could be
statistically considered in only four trials (Benes 1999; Brodeur
1988; Trenkwalder 1995; Walker 1996). Duration of medication
washout periods between the first and the second treatment were
not reported or used in four of the cross-over trials. However, as
treatment periods lasted for at least seven days, carryover effects
for assessed post treatment effects were not likely. Two to six
placebo controlled trials and one to three active controlled trials
contributed data to meta-analyses. Those meta-analyses with only
few studies have to be interpreted with caution.

Studies were reported with an often incomplete description
of study procedures. In five studies, we could not obtain
further information and thus had to rate their likelihood for
bias conservatively as "unclear” even if we are aware that an
insufficient study report does not necessarily represent inadequate
performance of the study.
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Marked heterogeneity was not observed in meta-analyses of
placebo controlled studies. Heterogeneous results in active
controlled trials were observed on the IRLS with more pronounced
effects for cabergoline than pramipexole and regarding patients
with adverse events with more patients experiencing adverse
events in cabergoline and pergolide than in levodopa and slightly
less experience of adverse events in pramipexole than in levodopa.
These differences in treatment effects can be traced back to the
different medications. A risk of the effective dopamine agonists
cabergoline and pergolide is the known side effect valvular fibrosis,
which requires medical monitoring and led in recent years to a
preference of non-ergot dopamine agonists. Furthermore, impulse
control disorders were observed recently during treatment with
dopamine agonists (Cornelius 2010).

Results of the majority of meta-analyses in the placebo controlled
trials showed precise small to large effects. In the placebo
controlled trials, only the results on total sleep time and patients
dropping out of treatment did not differ between levodopa and
placebo and showed wide confidence intervals. In the active
controlled trials five of eight evaluated endpoints revealed wide
confidence intervals comprising a range from zero to a considerable
effect.

Potential biases in the review process

We made an effort to prevent bias in the search for relevant trials
and data as well as meta-analysis of included data. To identify
all relevant studies, we searched all relevant databases without
language restrictions. Data management was performed by two
review authors. We asked pharmaceutical companies and study
authors for additional information relevant to bias.

This work is independent of sponsoring of pharmaceutical
companies, as it was supported by the German Ministry for
Education and Research (Bundesministerium fiir Bildung und
Forschung - BMBF, Project number DLR 01KG0723).

Agreements and disagreements with other studies or
reviews

One meta-analysis investigated levodopa treatment in RLS (Conti
2007). Results showed comparable effects on PLMSI and total sleep
time to our meta-analysis. Other outcome parameters such as relief
of symptoms, sleep quality, and quality of life were not analysed

due to heterogeneity in outcome measurements between trials. We
could analyse self rated data and by this, complete previous results.

AUTHORS' CONCLUSIONS

Implications for practice

Levodopa in doses from 100 mg to 200 mg proves to be an effective
treatment option compared to placebo for short-term treatment
(up to four weeks) of RLS. Evidence from the active controlled
trials was in favour of dopamine agonists regarding three essential
outcomes. The results of the other five endpoints do not favour
any one treatment over another. However, due to imprecise results
in these few trials, superiority of one agent cannot be ruled out.
Tolerability proves to be satisfactory for patients treated with
levodopa compared to cabergoline (Trenkwalder 2007; N=361) and
pergolide (Staedt 1997; N = 11).

Data concerning long-term treatment efficacy is limited and the
occurrence of augmentation, the most serious adverse event
during dopaminergic treatment, is barely investigated.

Implications for research

Efficacy for short-term medication was proved in moderate to
severely affected patients. However, for patients needing long-term
medication, appropriate long-term studies including assessment
of augmentation are necessary in order to be able to recommend
levodopa for these patients. As no mechanism of action is known
for levodopa in RLS, further research may concentrate on this aim
to better understand dosages and long-term risks.

Besides comparison to placebo, levodopa needs to be tested
against other dopaminergic and non-dopaminergic treatment
options. Agents such as anticonvulsants and opioids present potent
comparators. In all those studies, the occurrence and severity of
augmentation should be evaluated.
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in sleep (PLMS) and wakefulness (PLMW) developed in Indicates the major publication for the study

CHARACTERISTICS OF STUDIES

Characteristics of included studies [ordered by study ID]

Akpinar 1987

Methods Randomised controlled crossover trial of levodopa versus placebo

Dropouts/withdrawals: Total N of 16, alternative medication for 3 patients

Participants Included/analysed:16/13
Demographics: 6 male, age 49.6 years
Diagnosis: patients with moderate to severe RLS
Setting: 1 centre in Turkey

Baseline: 6 patients rated as having severe, 10 patients rated as having moderate symptoms

Interventions Intervention: fixed single dose of 200 mg/50 mg levodopa/benserazide for 14 days
Control: fixed single dose of placebo capsules for 14 days

No washout between treatment periods

Outcomes Safety: Number of dropouts due to adverse events
funding source No funding stated.

Notes

Risk of bias

Bias Authors' judgement Support for judgement
Adequate sequence gener-  Unclear risk Patients were treated randomly.
ation?

Allocation concealment? Unclear risk Double-blind crossover basis.
Blinding? Unclear risk Insufficient information

All outcomes

Incomplete outcome data  Low risk No incomplete outcome data.
addressed?

All outcomes

Free of selective report- Low risk All results reported as prespecified.
ing?
Free of other bias? Low risk Low indication of bias.
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Benes 1999

Methods

Randomised controlled crossover trial of levodopa versus placebo

Dropouts/withdrawals: PP of 32 with premature discontinuations of 3 patients in the treatment group.

Participants

Included/analysed: 35/32
Demographics: 13 male, age 56 years

Diagnosis: RLS according to IRLSSG, PLMS/h > 5, symptoms for at least 2 weeks, sleep onset latency >
30 min and/or sleep efficiency < 85%

Setting: 3 centres in Germany

Baseline: PLMI (using actigraphy) 49.5 +29.2

Interventions

Intervention: flexible uptitration of single dose levodopa/benserazide from 100 mg/25 mg to 200 mg/50
mg in 3 weeks, maintenance for 1 week

Control: flexible uptitration of single dose placebo capsules in 3 weeks, maintenance for 1 week

No washout between treatment periods

Outcomes

Change of symptoms: CGl-Improvement

Objective quality of sleep: PLM-Index (using actigraphy)
Self rated quality of sleep: SF-A

Quality of life: VAS on life satisfaction

Safety: Number of drop outs due to adverse events, number of patients experiencing adverse events

funding source

The study was supported by a grant from Hoffmann La-Roche, Inc.

Notes PLMI: index of number of periodic limb movements per hour time in bed; CGI-I: Clinical Gobla Impres-

sions - Improvement; SF-A: Schlaffragebogen-A; VAS: Visual Analogue Scale

Risk of bias

Bias Authors' judgement Support for judgement

Adequate sequence gener-  Low risk Randomisation list was produced by the statistical department of the sponsor.

ation?

Allocation concealment? Low risk Patients had to be allocated to a numbered medication in ascending order.
Due to the blinding of the medication, investigators and patients were not in-
formed regarding treatment sequence or medication.

Blinding? Unclear risk White capsules of identical size and shape, the capsules were not differen-

All outcomes tiable. The capsules which had to be taken in one cross-over period were filled
in a glass and labelled with "week 3-6" and "week 7-10", respectively. Blinding
of polysomnography raters was not mentioned.

Incomplete outcome data  Low risk No incomplete outcome data.

addressed?

All outcomes
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Benes 1999 (Continued)

Free of selective report- Low risk All results reported as prespecified with additional sleep data.
ing?
Free of other bias? Low risk Low indication of bias.

Bl 2006

Methods

Randomised controlled crossover trial of levodopa dual release versus pramipexole

Dropouts/withdrawals: PP of 39 with 28 premature discontinuations

Participants

Included/analysed: 67/39

Demographics: 41% male, age 56.9 years

Diagnosis: RLS according to IRLSSG, symptom presence almost every day, PLMI>5
Setting: 6 Swiss centres including Basel, Bern, Lugano, Luzern, Ziirich, Zurzach

Baseline: IRLS score of 21.1 (levodopa) and 20.8 (ppx), PLMI (actigraphy) of 21.1 (levodopa) and 21.5
(ppx)

Interventions

Intervention 1: flexible uptitration of single dose pramipexole from 0.25 to 0.75 mg in 2 weeks, mainte-
nance for 2 weeks

Intervention 2: flexible uptitration of single dose levodopa-dual-release from 100/25 mg to 300/75 mg
for 2 weeks, maintenance for 2 weeks

2 weeks washout between treatment periods

Outcomes

Change of symptoms: IRLS, CGI responders
Objective quality of sleep: PLMI (using actigraphy)

Safety: number of dropouts due to adverse events, number of patients with adverse events

funding source

The study was supported by Boehringer Ingelheim GmbH.

Notes IRLS: International RLS Severity Rating Scale; ppx: pramipexole

Risk of bias

Bias Authors' judgement  Support for judgement

Adequate sequence gener-  Low risk Randomisation schedule was provided by Bl Pharma GmbH & Co KG.

ation?

Allocation concealment? Low risk Medication package with the lowest available number was allocated to the pa-
tient.

Blinding? Unclear risk Tablets were packaged in identical hard gelatine capsules, the code was re-

All outcomes stricted to authorised personnel, such as staff involved in packaging of study
medication. Blinding of data analysts not reported.

Incomplete outcome data  Low risk Dropouts and reasons reported by Bl on request.

addressed?

All outcomes
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Bl 2006 (Continued)

Free of selective report- Low risk Results reported as prespecified.
ing?
Free of other bias? Low risk Low indication of other bias.

Brodeur 1988

Methods

Randomised controlled crossover trial of levodopa versus placebo

Dropouts/withdrawals: Total N of 6, no premature discontinuations

Participants

Included/analysed: 6/6

Demographics: 3 male, age 51.3 years

Diagnosis: primary RLS according to clinical evaluation, nocturnal awakenings and daytime sleepiness
Setting: 1 centre in Canada

Baseline: PLMSI (using PSG) 38.2 £12.7

Interventions

Intervention: fixed dose of 100 mg/25 mg levodopa/benserazide twice daily (Lhour before, 3 hours after
going to bed) for 14 days

Control: fixed dose of placebo capsules twice daily (Lhour before, 3 hours after going to bed) for 14
days

Washout for 1 week between treatment periods

Outcomes

Objective quality of sleep: change in sleep parameters (TST), PLMSI (using PSG)

Safety: Number of dropouts due to adverse events

funding source

The study was supported by the Medical Research Council of Canada, the Fonds de la recherche en san-
té du Québec and the Fond pour la formation de chercheurs et 'aide a la recherche du Québec.

Notes TST: total sleep time; PSG: polysomnography
Risk of bias
Bias Authors' judgement  Support for judgement
Adequate sequence gener-  Unclear risk Insufficient information.
ation?
Allocation concealment? Unclear risk Insufficient information.
Blinding? Unclear risk No information concerning blinding of staff, examiners, polysomnography
All outcomes analysis.
Incomplete outcome data  Low risk All patients were included in analyses.
addressed?
All outcomes
Free of selective report- Unclear risk No outcomes prespecified.
ing?
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Brodeur 1988 (continued)

Free of other bias?

Low risk Low indication of bias.

Eisensehr 2004

Methods

Randomised controlled crossover trial of slow-release levodopa versus slow-release valproic acid ver-
sus placebo

Dropouts/withdrawals: Total N of 20, no premature discontinuations

Participants

Included/analysed: 20/20

Demographics: 8 male, age 58.9 years

Diagnosis: primary RLS according to IRLSSG, PLM/h > 10, symptoms daily for at least 6 months
Setting: 1 centre in Germany

Baseline: PLMSI (using PSG) 42.3 + 40.7

Interventions

Intervention 1: fixed single dose of 200 mg/50 mg slow-release-levodopa/benserazide (after 2 days of
100 mg/25 mg) for 3 weeks

Intervention 2: fixed single dose of slow-release-valproic acid (600 mg after 2 days of 300 mg) for 3
weeks

Control: fixed single dose of placebo capsules for 3 weeks

No washout between treatment periods

Outcomes

Change of symptoms: Rating of severity of symptoms in the past 24 hours
Objective quality of sleep: TST, PLMSI (using PSG)

Safety: Number of dropouts due to adverse events, number of patients experiencing adverse events

funding source

The study was supported by Sanofi pharmaceutical company.

Notes
Risk of bias
Bias Authors' judgement  Support for judgement
Adequate sequence gener-  Unclear risk Insufficient information.
ation?
Allocation concealment? Low risk Capsules were distributed when requested by blinded executor mentioning
patient number and treatment session.
Blinding? Low risk Similar looking and tasting capsules, physicians did not know about se-
All outcomes quences until end of study when analysis was completed.
Incomplete outcome data  Low risk No incomplete outcome data.
addressed?
All outcomes
Free of selective report- Low risk All results reported as prespecified with additional sleep data.
ing?
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Eisensehr 2004 (continued)

Free of other bias? Low risk Low indication of bias.
Staedt 1997
Methods Randomised active controlled crossover trial of levodopa versus pergolide

Dropouts/withdrawals: Total N of 11, no premature discontinuations

Participants Included/analysed: 11
Demographics: 6 male, age 57.6 years
Diagnosis: patients with a history of restlessness and paraesthesias at night and/or day
Setting: 1 centre in Germany

Baseline: PLMS-disturbed time of sleep 164 + 80.4 min

Interventions Intervention 1: flexible uptitration of single dose levodopa/benserazide from 200 mg/50 mg to 400
mg/100 mgin 16 days

Intervention 2: flexible uptitration of single dose pergolide from 0.125 mg to 0.25 mgin 16 days

Washout of 24 hours between treatment periods

Outcomes Objective quality of sleep: Change in sleep parameters (TST)

Safety: Number of dropouts due to adverse events, number of patients experiencing adverse events

funding source No funding stated.

Notes

Risk of bias

Bias Authors' judgement  Support for judgement

Adequate sequence gener-  Unclear risk Insufficient information.

ation?

Allocation concealment? Unclear risk Insufficient information.

Blinding? Unclear risk Insufficient information, not mentioned if research staff were blinded.

All outcomes

Incomplete outcome data  Low risk No incomplete outcome data.
addressed?
All outcomes

Free of selective report- Low risk All results reported as prespecified, additional sleep data reported.
ing?
Free of other bias? Low risk Low indication of bias.
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Trenkwalder 1995

Methods

Randomised controlled crossover trial of levodopa versus placebo

Dropouts/withdrawals: PP of 28, 4 premature discontinuations (2 before drug intake)

Participants

Included/analysed: 32/28
Demographics: 18 male, age 52.0 years

Diagnosis: primary and secondary RLS according to descriptive criteria, PLMS-Al > 5, sleep onset laten-
cy > 25 and/or sleep efficiency < 85%

Setting: 1 centre in Germany

Baseline: severity on RLS rating scale 7.9 (0 to 10 points = severe)

Interventions

Intervention: flexible uptitration of single dose levodopa/benserazide from 100 mg/25 mg to 200 mg/50
mg in 2 weeks, maintenance for 2 weeks

Control: single dose placebo capsules for 4 weeks

No washout between treatment periods

Outcomes

Change of symptoms: CGI-I, VAS on severity of RLS symptoms during the night
Objective quality of sleep: TST, PLMSI (using PSG)

Self rated quality of sleep: VAS on quality of sleep

Quality of Life: VAS on life satisfaction

Safety: Number of dropouts due to adverse events, number of patients experiencing adverse events

funding source

No funding stated.

Notes

Risk of bias

Bias

Authors' judgement  Support for judgement

Adequate sequence gener-  Low risk Randomisation was done by the sponsor with a computer based system.
ation?
Allocation concealment? Low risk Patient randomisation numbers were allocated sequentially in the order of re-
cruitment of patients. The allocated number was then the patient code.
Blinding? Unclear risk Unblinding was done after the complete database had been transferred to the
All outcomes sponsor.
Incomplete outcome data  Low risk No incomplete outcome data.
addressed?
All outcomes
Free of selective report- Low risk All results reported as prespecified with additional questionnaire data.
ing?
Free of other bias? Low risk Low indication of bias.
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Trenkwalder 2007

Methods

Randomised active controlled parallel-group trial of levodopa versus cabergoline

Dropouts/withdrawals: ITT (361) and PP (204) with premature discontinuations of 83 (levodopa) and 74

(cabergoline)

Participants

Included/analysed: long term: 361 patients (178 cabergoline, 183 levodopa), short term: 204 (104
cabergoline, 100 levodopa)

Demographics: 46 (levodopa)/58 (cabergoline) male, age 56.9 (levodopa)/58.7 (cabergoline)
Diagnosis: RLS according to IRLSSG, symptom severity on IRLS = 10 and RLS-6 "severity at night" = 4.
Setting: 51 centres in 4 European countries

Baseline: IRLS score of 25.6 (levodopa) and 25.8 (cabergoline)

Interventions

Intervention 1: fixed uptitration of single dose cabergoline to 2.0 mg which could be increased to 3.0
mg (in 2 weeks), maintenance up to 6/ 8 weeks and to 24 weeks

Intervention 2: fixed uptitration of single dose levodopa/benserazide 200 mg/50 mg (in 8 days) which
could be increased to to 300 mg/75 mg, maintenance up to 6/ 8 weeks and to 24 weeks

Outcomes

Change of symptoms: IRLS, CGI-I

Self rated quality of sleep: RLS-6 satisfaction with sleep
Daytime tiredness: RLS-6 daytime tiredness

Quality of life: RLS-QoL

Safety: number of dropouts due to adverse events, number of patients with adverse events

funding source

The study was supported by Pfizer GmbH.

Notes RLS-QoL: Restless Legs Syndrome Quiality of Life questionnaire
Risk of bias
Bias Authors' judgement  Support for judgement

Adequate sequence gener-
ation?

Low risk Sequentially assigned to one of the two treatments by the investigators using
medication numbers in ascending order for each block of 4 which was allocat-

ed to the study site after central randomisation using the program SAS Proc.
Plan Version v8.2.

Allocation concealment? Low risk Medication numbers in ascending order. See above.

Blinding? Low risk Identical looking tablets.

All outcomes

Incomplete outcome data  Low risk Dropouts and reasons described.

addressed?

All outcomes

Free of selective report- Low risk All results reported as prespecified with further report of short term data for

ing?

secondary outcomes following request.

Free of other bias?

Low risk Low indication of other bias.

Levodopa for the treatment of restless legs syndrome (Review)
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Walker 1996

Methods

Randomised controlled crossover trial of levodopa versus placebo

Dropouts/withdrawals: PP (5) with premature discontinuations of 3 patients prior to start of trial

Participants

Included/analysed: 8/5

Demographics: 1 male, age 68.2 years

Diagnosis: RLS according to Diagnostic Classification Steering Committee 1990
Setting: 1 centre in Canada

No baseline values given

Interventions

Intervention: fixed single dose of 100 mg/25 mg levodopa/carbidopa for 1 week
Control: fixed single dose of placebo capsules for 1 week

Washout for 1 week between treatment periods

Outcomes

Objective quality of sleep: Change in sleep parameters (TST), PLMSI (using PSG)

Safety: number of dropouts due to adverse events, number of patients with adverse events

funding source

The study was supported by the Kidney Foundation of Canada, Manitoba Branch, The Medical Research
Council of Canada and Baxter Healthcare corporation.

Notes

Risk of bias

Bias Authors' judgement  Support for judgement
Adequate sequence gener-  Unclear risk Insufficient information.
ation?

Allocation concealment? Unclear risk Insufficient information.
Blinding? Low risk Blinded scorers for PSG rating.
All outcomes

Incomplete outcome data  Low risk No incomplete outcome data.
addressed?

All outcomes

Free of selective report- Low risk All results reported as prespecified with results of additional sleep parameters
ing? partly reported.

Free of other bias? Low risk Low indication of bias.

Characteristics of excluded studies [ordered by study ID]

Study

Reason for exclusion

Collado-Seidel 1997

Results of the congress abstract were published in Collado-Seidel (1999).
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Study

Reason for exclusion

Collado-Seidel 1999

Double-blind comparison of sr-ldopa additionally to rr-ldopa versus placebo additional to rr-ldopa.

Kaplan 1993 Diagnosis of PLMS/h > 5 in all patients, RLS-symptoms were present only in 3 patients.
Polo 2007 Medication period was only two nights.

Polo 2008 Erratum of excluded study Polo 2007.

Reuter 1999 Results of two patients with RLS only analysed descriptively.

Saletu 2003 Medication period was only one night.

Staedt 1998 Open label follow-up of Staedt 1997.

Stiasny 2001

Preliminary data which were published later in Trenkwalder 2007.

Trenkwalder 2005

Results of the congress abstract were published in Trenkwalder 2007.

von Scheele 1986

Treatment of levodopa and placebo on alternate days.

von Scheele 1990

Two year open label follow-up.

Wetter 1995 German duplicate of study of Trenkwalder 1995.
Wetter 1995a Results of the congress abstract were published in Trenkwalder 1995.
Wu Yh 2008 Observational study on levodopa versus acupuncture.

DATA AND ANALYSES

Comparison 1. Levodopa versus placebo

Outcome or subgroup title No. of studies No. of partici- Statistical method Effect size
pants
1 Change on severity scales 2 Mean Difference (Random, 95%  -1.34[-2.18,-0.50]
Cl)
2 Periodic limb movements in 5 Mean Difference (Random, 95%  -26.28 [-30.53, -22.02]
sleep Cl)
3 Total sleep time 4 Mean Difference (Random, 95%  5.86 [-18.56, 30.28]
cl
4 Number of drop outs due to 6 218 0Odds Ratio (M-H, Random, 95% 0.73[0.05, 11.34]
adverse events Cl)
5 CGl-Improvement 2 Mean Difference (Random, 95%  -1.26 [-1.89,-0.62]
Cl)
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Outcome or subgroup title No. of studies No. of partici- Statistical method Effect size
pants

6 Change in self rated quality of 2 Std. Mean Difference (Random, 0.92[0.52,1.33]

sleep 95% Cl)

7 Change in quality of life 2 Mean Difference (Random, 95%  3.23[1.64, 4.82]
Cl)

8 Number of patients experienc- 4 176 0Odds Ratio (M-H, Random, 95% 2.61[1.35,5.04]

ing adverse events Cl)

Analysis 1.1. Comparison 1 Levodopa versus placebo, Outcome 1 Change on severity scales.

Study or subgroup Levodopa Placebo Mean Dif- Mean Difference Weight Mean Difference
ference

N N (SE) IV, Random, 95% CI IV, Random, 95% CI
Eisensehr 2004 20 20 -1.1(0.68) —— 39.55% -1.1[-2.43,0.23]
Trenkwalder 1995 0 0 -1.5(0.55) —E— 60.45% -1.5[-2.58,-0.42]
Total (95% Cl) N 100% -1.34[-2.18,-0.5]
Heterogeneity: Tau?=0; Chi>=0.21, df=1(P=0.65); 1>=0%
Test for overall effect: Z=3.14(P=0)

Favours levodopa 4 2 0 2 4 Favours placebo

Analysis 1.2. Comparison 1 Levodopa versus placebo, Outcome 2 Periodic limb movements in sleep.

Study or subgroup Levodopa Placebo Mean Dif- Mean Difference Weight Mean Difference
ference

N N (SE) IV, Random, 95% CI IV, Random, 95% Cl
Benes 1999 0 0 -26.9 (3.69) —— 31.83% -26.9[-34.13,-19.67]
Brodeur 1988 0 0 -26.6 (2.99) k2 46.53% -26.6[-32.46,-20.74]
Eisensehr 2004 0 0 -23.3(9.75) I a— 4.89% -23.3[-42.41,-4.19]
Trenkwalder 1995 0 0 -17.7 (6.39) — 11.21% -17.7(-30.22,-5.18]
Walker 1996 0 0 -40 (9.16)  a— 5.54% -40[-57.95,-22.05]
Total (95% CI) L 2 100% -26.28[-30.53,-22.02]
Heterogeneity: Tau?=1.18; Chi?=4.18, df=4(P=0.38); 1>=4.29%
Test for overall effect: Z=12.11(P<0.0001)

Favours levodopa S0 25 0 25 50 Favours placebo

Analysis 1.3. Comparison 1 Levodopa versus placebo, Outcome 3 Total sleep time.

Study or subgroup Levodopa Placebo Mean Dif- Mean Difference Weight Mean Difference
ference
N N (SE) IV, Random, 95% CI IV, Random, 95% CI
Brodeur 1988 0 0 20.8 (30.08) + 17.16% 20.8[-38.16,79.76]
Eisensehr 2004 0 0 -14.6 (20.81) — 35.85% -14.6[-55.39,26.19]
Favours placebo 50 25 0 25 50 Favours levodopa
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Study or subgroup Levodopa Placebo Mean Dif- Mean Difference Weight Mean Difference
ference
N N (SE) IV, Random, 95% CI IV, Random, 95% Cl
Trenkwalder 1995 0 0 35(30.01) + 17.24% 35[-23.82,93.82]
Walker 1996 0 0 5(22.84) - 29.76% 5[-39.77,49.77]
Total (95% Cl) . 100% 5.86[-18.56,30.28]
Heterogeneity: Tau?=0; Chi*=2.16, df=3(P=0.54); 1>=0%
Test for overall effect: Z=0.47(P=0.64)
50 25 0 25 50

Favours placebo

Favours levodopa

Analysis 1.4. Comparison 1 Levodopa versus placebo, Outcome 4 Number of drop outs due to adverse events.

Study or subgroup Levodopa Placebo 0dds Ratio Weight 0dds Ratio
n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI

Akpinar 1987 0/13 0/13 Not estimable
Benes 1999 0/35 2/35 ‘—.—— 51.75% 0.19[0.01,4.08]
Brodeur 1988 0/6 0/6 Not estimable
Eisensehr 2004 0/20 0/20 Not estimable
Trenkwalder 1995 1/30 0/30 i 48.25% 3.1[0.12,79.23]
Walker 1996 0/5 0/5 Not estimable
Total (95% CI) 109 109 e — 100% 0.73[0.05,11.34]

Total events: 1 (Levodopa), 2 (Placebo)
Heterogeneity: Tau?=1.33; Chi*=1.51, df=1(P=0.22); 1>=33.94%
Test for overall effect: Z=0.23(P=0.82)

Favours levodopa 001

0.1

10

100 Favours placebo

Analysis 1.5. Comparison 1 Levodopa versus placebo, Outcome 5 CGl-Improvement.

Study or subgroup Levodopa Placebo Mean Dif- Mean Difference Weight Mean Difference
ference
N N (SE) IV, Random, 95% CI IV, Random, 95% CI
Benes 1999 0 0 -1.4 (0.46) —— 50% -1.41[-2.31,-0.51]
Trenkwalder 1995 0 0 -1.1(0.46) —— 50% -1.1[-2,-0.2]
Total (95% CI) <o 100% -1.25[-1.89,-0.62]
Heterogeneity: Tau?=0; Chi*=0.23, df=1(P=0.63); 1>=0%
Test for overall effect: Z=3.86(P=0)
‘-5 -2‘.5 0 2j5 5‘

Favours levodopa

Favours placebo

Analysis 1.6. Comparison 1 Levodopa versus placebo, Outcome 6 Change in self rated quality of sleep.

Study or subgroup Levodopa Placebo Std. Mean Std. Mean Difference Weight Std. Mean Difference
Difference
N N (SE) IV, Random, 95% CI IV, Random, 95% CI
Benes 1999 0 0 0.9 (0.27) ‘ —B——  5841% 0.93[0.4,1.46]
Favours placebo 0.5 0 0.5 1 Favours levodopa
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Study or subgroup Levodopa Placebo Std. Mean Std. Mean Difference Weight Std. Mean Difference
Difference
N N (SE) IV, Random, 95% CI IV, Random, 95% ClI
Trenkwalder 1995 0 0 0.9 (0.32) —.—’ 41.59% 0.91[0.28,1.54]
Total (95% Cl) i 100% 0.92[0.52,1.33]
Heterogeneity: Tau?=0; Chi*=0, df=1(P=0.96); 1>=0%
Test for overall effect: Z=4.47(P<0.0001)
Favours placebo -1 0.5 0 0.5 1 Favours levodopa

Analysis 1.7. Comparison 1 Levodopa versus placebo, Outcome 7 Change in quality of life.

Study or subgroup Levodopa Placebo Mean Dif- Mean Difference Weight Mean Difference
ference
N N (SE) IV, Random, 95% Cl IV, Random, 95% Cl
Benes 1999 0 0 2.9(0.91) B 79.46% 2.87[1.09,4.65]
Trenkwalder 1995 0 0 4.6 (1.79) s a— 20.54% 4.6[1.09,8.11]
Total (95% Cl) - 100% 3.23[1.64,4.82]
Heterogeneity: Tau?=0; Chi*=0.74, df=1(P=0.39); 1>=0%
Test for overall effect: Z=3.98(P<0.0001)
Favours placebo -10 -5 0 5 10 Favours levodopa

Analysis 1.8. Comparison 1 Levodopa versus placebo, Outcome 8 Number of patients experiencing adverse events.

Study or subgroup Levodopa Placebo 0dds Ratio Weight 0dds Ratio
n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI
Benes 1999 28/35 20/35 —.— 38.04% 3[1.03,8.7]
Eisensehr 2004 13/20 9/20 —_— 26.63% 2.27[0.64,8.11]
Trenkwalder 1995 14/28 8/28 -—— 35.33% 2.5[0.83,7.55]
Walker 1996 0/5 0/5 Not estimable
Total (95% Cl) 88 88 P 100% 2.61[1.35,5.04]
Total events: 55 (Levodopa), 37 (Placebo)
Heterogeneity: Tau?=0; Chi>=0.12, df=2(P=0.94); 1>=0%
Test for overall effect: Z=2.86(P=0)
Favours levodopa 005 02 1 5 20 Favours placebo
Comparison 2. Levodopa versus other dopamine agonists
Outcome or subgroup title No. of studies No. of partici- Statistical method Effect size
pants
1 Change on IRLS 2 422 Mean Difference (IV, Random, 5.25[2.10, 8.40]
95% Cl)
2 Periodic limb movements per 1 78 Mean Difference (IV, Random, 3.80[-1.48,9.08]

time in bed

95% Cl)
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Outcome or subgroup title No. of studies No. of partici- Statistical method Effect size
pants

3 Total sleep time 1 22 Mean Difference (IV, Random, -76.0 [-155.82, 3.82]
95% Cl)

4 Number of dropouts due to 3 504 Odds Ratio (M-H, Random, 95% 0.59[0.33, 1.04]

adverse events Cl)

5 CGl-Improvement 1 344 Mean Difference (IV, Random, 0.62[0.37,0.87]
95% Cl)

6 Change in self rated qualityof 1 344 Mean Difference (IV, Random, 0.63[-0.09, 1.35]

sleep 95% Cl)

7 Change in disease specific 1 314 Mean Difference (IV, Random, 5.54[2.65, 8.43]

quality of life 95% Cl)

8 Number of patients experienc- 3 461 Odds Ratio (M-H, Random, 95% 0.35[0.05, 2.30]

ing adverse events Cl)

Analysis 2.1. Comparison 2 Levodopa versus other dopamine agonists, Outcome 1 Change on IRLS.

Study or subgroup Levodopa Dopamine agonist Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) Random, 95% Cl Random, 95% Cl
BI 2006 39 -4 (7.5) 39 -7.2(9.5) — 38.1% 3.2[-0.6,7]
Trenkwalder 2007 177 -9.5(9.7) 167 -16.1(10.2) —— 61.9% 6.51[4.41,8.61]
Total *** 216 206 —~al— 100% 5.25[2.1,8.4]
Heterogeneity: Tau?=3.03; Chi*=2.23, df=1(P=0.14); 1>=55.23%
Test for overall effect: Z=3.27(P=0)

Favours levodopa  -10 5 0 5 10 Favours DAs

Analysis 2.2. Comparison 2 Levodopa versus other dopamine
agonists, Outcome 2 Periodic limb movements per time in bed.

Study or subgroup Levodopa Pramipexole Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) Random, 95% CI Random, 95% Cl
BI 2006 39 7.7(9.5) 39 -115(13.9) e 100% 3.8[-1.48,9.08]
Total *** 39 39 - 100% 3.8[-1.48,9.08]

Heterogeneity: Tau?=0; Chi*=0, df=0(P<0.0001); 1>=100%
Test for overall effect: Z=1.41(P=0.16)

Favours levodopa 20 -10 0 10 20 Favours pramipexole
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Analysis 2.3. Comparison 2 Levodopa versus other dopamine agonists, Outcome 3 Total sleep time.

Study or subgroup Levodopa Pergolide Mean Difference Weight Mean Difference
N Mean(SD) N Mean(SD) Random, 95% Cl Random, 95% CI
Staedt 1997 11 345 (120) 11 421 (62) —.— 100% -76[-155.82,3.82]
Total *** 11 11 —~— 100% -76[-155.82,3.82]
Heterogeneity: Not applicable
Test for overall effect: Z=1.87(P=0.06)
‘»100 -éo 0 5‘0 100‘

Favours pergolide Favours levodopa

Analysis 2.4. Comparison 2 Levodopa versus other dopamine
agonists, Outcome 4 Number of dropouts due to adverse events.

Study or subgroup Levodopa Dopamine 0dds Ratio Weight 0dds Ratio
agonists
n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI
BI1 2006 1/63 0/58 3.13% 2.81[0.11,70.31]
Staedt 1997 0/11 0/11 Not estimable
Trenkwalder 2007 22/183 35/178 -.- 96.87% 0.56[0.31,1]
Total (95% Cl) 257 247 L 100% 0.59[0.33,1.04]

Total events: 23 (Levodopa), 35 (Dopamine agonists)
Heterogeneity: Tau?=0; Chi?=0.94, df=1(P=0.33); 1>=0%
Test for overall effect: Z=1.83(P=0.07)

Favours levodopa 001 0.1 1 10 100 Favours DAs

Analysis 2.5. Comparison 2 Levodopa versus other dopamine agonists, Outcome 5 CGl-Improvement.

Study or subgroup Levodopa Cabergoline Mean Difference Weight Mean Difference
N Mean(SD) N Mean(SD) Random, 95% CI Random, 95% CI
Trenkwalder 2007 177 2.4(1.3) 167 1.8(1) —— 100% 0.62[0.37,0.87]
Total *** 177 167 <o 100% 0.62[0.37,0.87]
Heterogeneity: Not applicable
Test for overall effect: Z=4.96(P<0.0001)
Favours levodopa 1 05 0 05 1 Favours cabergoline

Analysis 2.6. Comparison 2 Levodopa versus other dopamine
agonists, Outcome 6 Change in self rated quality of sleep.

Study or subgroup Levodopa Cabergoline Mean Difference Weight Mean Difference
N Mean(SD) N Mean(SD) Random, 95% CI Random, 95% Cl
Trenkwalder 2007 177 2.8(3.4) 167 -3.4(3.5) S 100% 0.63[-0.09,1.35]
Total *** 177 167 > 100% 0.63[-0.09,1.35]
Heterogeneity: Not applicable
Favours levodopa -4 2 0 2 4 Favours cabergoline

Levodopa for the treatment of restless legs syndrome (Review)
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Study or subgroup Levodopa Cabergoline Mean Difference Weight Mean Difference
N Mean(SD) N Mean(SD) Random, 95% CI Random, 95% Cl
Test for overall effect: Z=1.72(P=0.09)
Favours levodopa -4 2 0 2 4 Favours cabergoline

Analysis 2.7. Comparison 2 Levodopa versus other dopamine
agonists, Outcome 7 Change in disease specific quality of life.

Study or subgroup Levodopa Cabergoline Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) Random, 95% Cl Random, 95% CI
Trenkwalder 2007 164  -104(12.1) 150  -15.9(13.9) S 100% 5.54[2.65,8.43]
Total *** 164 150 i 100% 5.54[2.65,8.43]

Heterogeneity: Tau?=0; Chi?=0, df=0(P<0.0001); 1>=100%

Test for overall effect: Z=3.75(P=0)

Favours levodopa 10 5 0 5 10 Favours cabergoline

Analysis 2.8. Comparison 2 Levodopa versus other dopamine

agonists, Outcome 8 Number of patients experiencing adverse events.

Study or subgroup Levodopa Dopamine 0dds Ratio Weight 0dds Ratio
agonists
n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI
Bl 2006 39/39 38/39 * 20.74% 3.08[0.12,77.91]
Staedt 1997 3/11 10/11 {—-7 27.98% 0.04[0,0.43]
Trenkwalder 2007 99/183 126/178 - 51.28% 0.49[0.31,0.75]
Total (95% CI) 233 228 —— 100% 0.35[0.05,2.3]

Total events: 141 (Levodopa), 174 (Dopamine agonists)
Heterogeneity: Tau?=1.76; Chi*=5.43, df=2(P=0.07); 1>=63.17%
Test for overall effect: Z=1.09(P=0.27)

Favours levodopa  0-01 0.1 1 10 100 Favours DAs

ADDITIONAL TABLES

Table 1. Diagnosis criteria of Restless legs syndrome

Essential criteria

1. An urge to move the legs, usually accompanied or caused by uncomfortable and unpleasant sensations in the legs (sometimes the
urge to move is present without the uncomfortable sensations and sometimes the arms or other body parts are involved in addition

to the legs).

2. The urge to move or unpleasant sensations begin or worsen during periods of rest or inactivity such as lying or sitting.

3. The urge to move or unpleasant sensations are partially or totally relieved by movement, such as walking or stretching, at least as

long as the activity continues.

Levodopa for the treatment of restless legs syndrome (Review)
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Table 1. Diagnosis criteria of Restless legs syndrome (continued)
4. The urge to move or unpleasant sensations are worse in the evening or night than during the day or only occur in the evening or
night (when symptoms are very severe, the worsening at night may not be noticeable but must have been present previously).

Supportive criteria and associated features of RLS

« Positive family history

» Response to dopaminergic therapy

 Periodic limb movements (during wakefulness or sleep)
« Natural clinical course

« Sleep disturbance

Table 2. Additional trials/ information retrieved from the Internet

Online resource Retrieved trials Additional information for published trials
Clinical study results 0 1
Boehringer-Ingelheim 1 0

Internet sites:
www.clinicalstudyresults.org
http://trials.boehringer-ingelheim.com

Table 3. Summary of questionnaires in trials and their scoring

Questionnaire Description Measurement
IRLS Symptom severity scale with a total score of 0 to 40 for ~ Mild RLS: 0 to 10
10 questions (rating 0 to 4).
(Walters 2003) Moderate RLS: 11 to 20

Severe RLS: 21to 30

Very severe RLS: 31 to 40

Clinical Global Impressions  Evaluation by clinician regarding improvement of con-  Rating 1 (very much better) to 7 (very much

- Improvement (National dition. worse)
Institute of Mental Health
1976)
SF-A Subscore of questions regarding self rated quality of Rating 1to 5
sleep.
(Goertelmeyer 1985) - transformed into SMD
RLS-6 satisfaction with Question regarding satisfaction with sleep in the past 7 Rating O (totally satisfied) to 10 (totally un-
sleep days. satisfied)
(Kohnen 2004) > transformed into SMD
QoL-RLS Total score of 12 questions investigating health related 0 to 60 (high impairment)
quality of life in RLS patients (6-point Likert scale).
(Kohnen 2002) - transformed into SMD

IRLS: International RLS Severity Rating Scale; SF-A: Schlaffragebogen-A; QoL-RLS: Restless Legs Syndrome Quality of Life questionnaire

Levodopa for the treatment of restless legs syndrome (Review) 39
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APPENDICES

Appendix 1. MEDLINE (OVID) search strategy

1. randomized controlled trial.pt.
2. controlled clinical trial.pt.
3. randomized.ab.
4. placebo.ab.

5. drugtherapy.fs.
6. randomly.ab.

7. trial.ab.

8. groups.ab.

9. or/1-8
10.humans.sh.
11.9and 10

12.AF L-dopa

13.AF "L dopa"
14.AF Ldopa

15.AF levodopa
16.0r/ 12-15

17.AF "rls"

18.AF "restless leg*"
19.17 0r 18
20.11and 16 and 19

Appendix 2. CENTRAL (ODVID) search strategy

AF L-dopa

AF "L dopa”

AF "Ldopa”

AF levodopa
or/1-4

AF “rls”

AF “restless leg
6or7

5and 8

* (¢

W NGO RWN

Appendix 3. PsycINFO (EBSCO) search strategy

TX L-dopa

TX Ldopa
TX“L dopa”

TX levodopa
or/ 1-4

TX “rls”

TX “restless leg
6or7

5and8

* 0

e N O WM

Appendix 4. CINAHL (EBSCO) search strategy

1. TXL-dopa
TX “L dopa”
TX Ldopa
TX levodopa
or/1-4

o~ wn
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6. TX“rls”

7. TX “restless leg
8. 6or7

9. 5and 8

*2)

Appendix 5. EMBASE search strategy

* 1

1. (random* or factorial* or crossover* or "cross over
volunteer*).mp

Randomized Controlled Trial/

(l-dopa or levodopa* or ldopa or "l dopa").mp
Levodopa/

(rls or "restless leg*").mp

Restless Legs Syndrome/
(Lor2)and(3or4)and (50r6)

or placebo* or (doubl* adj blind*) or (singl* adj blind*) or assign* or allocat* or

No ks wN
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DIFFERENCES BETWEEN PROTOCOL AND REVIEW

Two outcomes defined in the protocol were specified in detail, two outcomes were added, and two outcome parameters were dropped
after discussion in the light of actual research before the search for publications.

PLMS Index and number of patients dropping out due to adverse events were defined as primary and not as secondary outcome
parameters. Total sleep time assessed in polysomnography was appended as a primary outcome.

We added clinician rated general improvement (CGI-l) and number of patients experiencing augmentation in the secondary outcome
section. We excluded the planned outcomes “patient satisfaction with treatment” and “daytime functioning” as investigation of these
endpoints in levodopa trials was very unlikely.

We investigated not only the first phase of cross-over trials, but included both phases of cross-over trials and corrected statistically for the
different design when possible (see Reviewer's Handbook, chapter 16.4).

We set search dates from 1985 (instead of 1990) to 2008 in order to obtain all possibly relevant trials. In order to be able to include all
possibly relevant studies, trials did not have to implement explicit diagnostic criteria according to the IRLSSG (Walters 1995) but it was
permitted to describe similar inclusion criteria of patients.

Search strategies were modified with respect to newly recommended strategies by the Reviewer's Handbook, chapter 6.

We conducted additional searches in online trial registers provided by pharmaceutical companies, the Pharmaceutical Research and
Manufacturers of America (PhRMA) and the U.S. National Institutes for Health.

Instead of implementing fixed-effect models where data were homogeneous, we performed all meta-analyses using random-effects
models as recommended by the Reviewer's Handbook. As only data for per protocol populations were reported, we performed analyses
based on these data.

We could not perform any subgroup analyses on different types of agents, comparator treatment, duration of treatment or dosage of
treatment as these parameters did not vary between the included studies. Also study type could not be investigated separately as all studies
but one active controlled trial were cross-over trials. As only few studies contributed data to the primary outcomes, we did not perform
subgroup or sensitivity analysis on studies with differing study quality.

INDEX TERMS

Medical Subject Headings (MeSH)

Dopamine Agents [*therapeutic use]; Levodopa [*therapeutic use]; Randomized Controlled Trials as Topic; Restless Legs Syndrome
[*drug therapy]

MeSH check words

Humans
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